High levels of rural to urban migration are a feature of most developing countries, and are thought to be associated with an increase in non-communicable disease risk factors. We studied rural to urban migrants in Tanzania and found a mixed pattern of change over 6 months, with an increase in lowdensity lipoprotein cholesterol and weight, a fall in triglycerides and an apparent fall in blood pressure.
Urbanization is increasing rapidly in developing countries around the world, fuelled by high levels of rural to urban migration. Urban compared to rural living tends to be strongly associated with a higher prevalence of certain chronic, non-communicable conditions, including hypertension, glucose intolerance, obesity and dyslipidaemia. 1 Such rural to urban differences have been documented in many parts of the world, including countries in subSaharan Africa, such as Tanzania. 2 Previously, the Luo migration study in Kenya had demonstrated a rapid, within weeks, increase in blood pressure on migration from a rural area to Nairobi. 3 We established the Urbanization and Metabolic Outcomes Study in Tanzania (UMOST) with the aim of investigating whether blood pressure, glucose and lipid changes occur in migrants, and if so what the determinants of those changes are, including the role of gene-environment interactions. Here, we describe results from the first phase of the study, which was designed to establish the system for identifying and tracking migrants and estimate the size and variance of any changes.
The study is based in Morogoro rural district and the city of Dar es Salaam, in areas designated as rural and urban by the government of Tanzania. The study takes advantage of the infrastructure established for a demographic surveillance system, the Adult Morbidity and Mortality Project. 4 Through a network of village-based key informants, adults aged 15 and 49 years who intend to migrate to Dar es Salaam for at least 6 months are identified. Baseline measurements are made before migration, and include height, weight, waist circumference, blood pressure, fasting lipids and glycosylated haemoglobin (measured on a DCA 2000 analyzer). For each migrant, an age-matched (within 72.5 years) and sex-matched non-migrant is identified from the same village and the same measurements are made, with all assays being undertaken in the same laboratory at Muhimbili University College of Medical Sciences. In Dar es Salaam, migrants were followed up at monthly intervals, and in Morogoro non-migrants were examined again after 6 months. In the rural area, measurements were made in the subject's home whereas in the urban area, all subjects attended a local health centre. All measurements were made by trained observers.
Blood pressure was measured twice in the right arm with an automated device (Omron M4) after the subject had been sitting quietly for at least 5 min. The means of the two measurements were used in analysis. Lipids were measured on a Cobas Mira machine using standard enzymatic methods: CHOD/ Pap for total and high-density lipoprotein (HDL) cholesterol and GPO/PAP for triglycerides. Lowdensity lipoprotein (LDL) cholesterol was estimated using the Friedewald formula 5 for triglyceride values in mmol/l. 6 Two hundred and nine migrants (103 men) and 209 non-migrants (103 men) were recruited. Data are presented here on the 156 (76 men) and 170 (79 men), respectively (P-value on sex difference, 0.579), on whom follow-up was achieved at 6 months. There were no significant differences in baseline characteristics between those followed up and those lost to follow-up. There was no evidence of differences in the results between men and women; hence, the data are presented for both sexes combined. Mean age (s.d.) of migrants and nonmigrants at baseline was 29.5 (11.0) and 28.0 (10.0) years (P ¼ 0.178), respectively. The left-hand side of Table 1 shows their characteristics before migration. There were no significant differences in anthropometric measures, lipids or HBA1c at baseline. However, blood pressure was significantly higher in the migrants, with for example a difference of 5.4 mm Hg in systolic and 3.7 mm Hg in diastolic blood pressure. The right-hand side of Table 1 shows the differences between the measurements at baseline and 6 months, and compares those differences between migrants and non-migrants. On migration, there was a significant and substantial fall in both systolic (À10.3 mm Hg, 95% CIs À13.7 to À6.9) and diastolic blood pressure (À7.2 mm Hg, À9.1 to À5.2), mean triglycerides (À0.4 mmol/l, À0.6 to À0.2), and increase in mean total cholesterol (0.3 mmol/l, 0.1-0.6) and in weight (1.1 kg, 0.5-1.7) and thus a mean increase in mean body mass index (0.4 kg/m 2 , 0.2-0.7). There were no significant changes in the non-migrants in any of these variables over the same time period, using the same measurement methods and laboratory. However, Friedewald formula estimated LDL cholesterol fell in the non-migrants (À0.3 mmol/l, À0.5 to À0.1) and increased in the migrants (0.3 mmol/l, 0.1-0.5). When comparing the change between the nonmigrants and migrants, there was no significant difference in the change in HDL cholesterol (P ¼ 0.14).
Two of the strengths of the study are that baseline measurements before migration were made and that non-migrants were also followed up over the same period of time. These features allow examination of whether migrants were systematically different from non-migrants before migration. They also enable the change associated with migration to be more precisely defined, by taking into account possible changes in measurements over time (such as laboratory drift for the assays) and changes that may have occurred without migration. A weakness of the data presented here is the high number of missing values for lipids and HBA1c. These largely represent initial difficulties in transporting samples from rural Morogoro to Dar es Salaam. There are no systematic differences between those with and those without data.
We did find some evidence, in contrast to the Luo study, that migrants differ to non-migrants before migration. Migrants on average had higher blood pressure than non-migrants, perhaps reflecting anxiety about their pending migration, but were otherwise similar. The mean direction of some of the changes over the first 6 months of migration was unexpected, in particular the fall in blood pressure. However, the explanation for this fall, even though substantial, may be largely methodological. It is well known that blood pressure tends to fall with repeated measurement, recently demonstrated for example in a population-based study in Dar es Salaam. 7 The migrants had blood pressure measured at monthly intervals in contrast to the non-migrants, who had blood pressure measured at baseline and 6 months. In addition, the place of blood pressure measurement differed between the rural and urban area. A small study in rural Kenya found that blood pressure tended to be lower when measured in a clinic than when measured at home.
Thus, the mean fall in blood pressure needs to be interpreted with caution. Assuming that despite increasing weight, there was some fall in blood pressure, along with a fall in triglyceride levels and an increase in LDL cholesterol, what might account for this pattern of change? A change in nutrition on migration is one possible answer. A relatively lower intake of carbohydrate, higher intakes of fresh fruit and vegetables and of animal protein and fat might account for this pattern. 9 Interestingly, very similar differences in nutrition have been described between rural and urban areas in a cross-sectional study of nutrition and urbanization in South Africa. 10 In conclusion, we have established a system for identifying and tracking migrants, with good rates of follow-up given the conditions. Migrants, compared to non-migrants, demonstrated on average higher LDL cholesterol and lower triglycerides, with blood pressure also appearing to fall (although this may be owing to the approach to its measurement). However, it is worth noting that the mean direction of change on migration was by no means uniform. For example, in roughly one-third of migrants, both blood pressure and triglycerides increased. Having established this methodology, we plan to undertake a larger study with the aim of better understanding the environmental and genetic bases of these changes. 
